Interhemispheric transfer was investigated in 14 schizophrenia patients and 15 age-and sex-matched healthy controls in a lateralized lexical decision task. Words and pseudowords were tachistoscopically presented either to the left or to the right visual hemifield. Event-related potentials were determined from a 65-channel electroencephalogram. Information transfer between hemispheres was assessed by the interhemispheric transmission time (IHTT), the N1-latency difference between ipsilateral and contralateral hemisphere.
Alterations of hemispheric functions as well as dysfunctional information transfer between the two cerebral hemispheres have been described for schizophrenia disorders [1, 4] . While there is empirical support for subtle alterations of brain structures in the left hemisphere (LH), in particular abnormalities of the superior temporal gyrus in schizophrenia patients [6] , many studies report normal functional lateralization during cognitive processing [11, 13, 14] . In contrast, the empirical evidence for structural deviations of the corpus callosum (reduced fibre density or more generally a reduction in corpus callosum size) [8, 18] and functional impairments in interhemispheric transmission [1, 5, 7, 13] seems to be more consistent.
In addition to behavioural performance, interhemispheric transfer can be measured even more precisely, by the interhemispheric transmission time (IHTT) in the electroencephalogram (EEG). The IHTT is assessed in studies employing visual hemifield stimulation and is defined as the latency difference of early-occurring evoked potential components between the contralateral and the ipsilateral hemisphere [2, 3, 9, 15] . Brown et al. [3] stated in their meta-analysis of event-related potential (ERP) studies, that IHTT in most verbal and non-verbal studies is shorter after stimulus presentation to the left visual hemifield (LVF), when information travels from the right hemisphere (RH) to the LH [9] , which reflects a directional asymmetry of callosal transmission. Independent of task specific cerebral dominance, these data can be explained by asymmetries of callosal fiber connections between hemispheres with a greater number of neurons projecting from the RH to the LH, than vice versa [12] . Nowicka et al. [15] found directional asymmetry to be dependent on functional laterality, which means faster transmission from the non-specialized hemisphere to the task-specific advantaged hemisphere. Thus, there is some evidence for impaired interhemispheric transfer between the two cerebral hemispheres in schizophrenia. The present study examined interhemispheric transfer by analysing EEG correlates of language processing in schizophrenia patients.
Fifteen healthy controls (seven females; mean age: 23.9 years; education: 12.6 years; handedness score: 96.0 assessed by the Edinburgh Handedness Inventory [16] ) and 14 schizophrenia patients (five females; mean age: In a lexical decision task participants were instructed to decide whether a visually presented letter string was a meaningful German word or a meaningless pseudoword by bimanually pressing two out of four response buttons. Stimuli were presented tachistoscopically for 150 ms either unilaterally to the right visual field (RVF) or to the LVF or simultaneously to both visual fields (BVF). The inter-stimulus-interval varied between 2.5 and 3.5 s. Subjects were instructed to respond as quickly and as correctly as possible. A 60 trials practice block preceded the experiment comprising 240 stimuli (120 words and 120 pseudowords) presented in pseudo-randomised order. Words and pseudowords were presented in black upper-case letters on a grey background to reduce visual afterimages. All stimuli comprised two syllables and were four to eight letters long. Words were German content words with a high frequency of occurrence (1000-10 000 occurrences per 10 million words, according to Ortmann [17] ). Pseudowords were obtained either by permutation of letters within or by exchanging letters between word stimuli. Pseudowords were pronounceable and orthographically regular but not homophonous to real words. All items were presented on a 17-inch monitor of an IBM compatible Pentium PC placed at a distance of one meter in front of the participants. Stimuli appeared between 1.58 and 4.58 of horizontal and 0.68 of vertical visual angle for 150 ms. During the experiment, all participants had their chins in a chin rest with a forehead restraint bar centred relative to the viewing screen.
The EEG was recorded with two 32-channel DC-amplifiers (SYNAMPS) from 64 head positions referenced to CZ using an electrode cap (Electrocap Inc.). Signals were digitised with a bandpass of 0.1-30 Hz and at 200 Hz sampling rate. The electrooculogram was recorded for later artifact correction. Only artifact free trials for correct responses within 2 s after stimulus onset were averaged for analysis. The number of trials included in the data analysis did not differ significantly between groups. First, the N1-latency was calculated by determining the most negative peak during the time window from 100 to 300 ms. As in previous studies [2] parietal electrode sites were selected because the N1-amplitude was most pronounced over these cortical areas. Over each hemisphere, three parietal electrodes (P5, P7 and PO7 for LH and P6, P8 and PO8 for RH) were selected. IHTT refers to the latency difference between ipsilateral and contralateral N1-latency. Statistical analysis was done for the N1-latency and for the IHTT.
Effects for errors and latencies were evaluated by ANOVAs with the factors Group, Visual Field (LVF versus RVF) and Wordness (Word versus Pseudoword). The significant Visual Field £ Wordness interaction (errors: F 1;27 ¼ 5:1, P , 0:04; latencies: F 1;27 ¼ 6:4, P , 0:02) indicated a stronger RVFA for words than for pseudowords. As indicated by the main effect Group, schizophrenia patients made significantly more errors (F 1;27 ¼ 9:1, P , 0:02) and were significantly slower to respond (F 1;27 ¼ 5:7, P , 0:03). No significant Group £ Visual Field £ Wordness interaction was obtained neither for correct responses nor for reaction times.
Figs. 1 and 2 illustrate the time course of the ERPs at parietal sites over the LH and RH, following LVF and RVF stimulation. Effects of the N1-latencies were obtained from the ANOVA with the factors Group, Wordness (Words versus Pseudowords), Visual Field (LVF versus RVF) and Hemisphere (LH versus RH). The significant main effect for Group (F 1;27 ¼ 7:1, P , 0:02) indicated shorter overall N1-latencies for patients compared to controls. The Visual Field £ Hemisphere interaction (F 1;27 ¼ 160:7, P , 0:01) refers to shorter contralateral than ipsilateral N1-latencies over the LH after RVF stimulation and over the RH after LVF stimulation. As revealed by the Group £ Hemisphere interaction (F 1;27 ¼ 10:2; P , 0:01), schizophrenia patients displayed shorter N1-latencies than controls only over the RH, but not over the LH. A significant Wordness £ Visual Field £ Hemisphere interaction (F 1;27 ¼ 5:1; P , 0:04) was obtained, planed comparison revealed, that after LVF stimulation over the RH, pseudowords had significantly shorter N1-latencies than words (F 1;27 ¼ 6:5; P , 0:02). For analysing IHTT, an ANOVA with the factors Group, Wordness and Visual Field revealed a significant main effect for Wordness (F 1;27 ¼ 5:1; P , 0:04) and a significant Wordness £ Visual Field interaction (F 1;27 ¼ 4:6; P , 0:05), with increased IHTT for pseudowords after LVF stimulation. A significant Group £ Visual Field interaction (F 1;27 ¼ 9:1; P ¼ 0:006) demonstrated, that in controls IHTT after LVF stimulation was shorter than after RVF stimulation, and controls had shorter IHTT than patients in the LVF condition. In contrast, transmission times did not differ significantly between the two visual fields in schizophrenia patients. Since no significant threeway interaction was found in this analysis, ANOVAs on IHTT were calculated separately for controls and patients. Only in the control group a significant Wordness £ Visual Field interaction (F 1;14 ¼ 4:6; P , 0:05) was found, with shorter IHTT for words after LVF stimulation. As expected after simultaneous bilateral stimulation, N1-latencies as well as IHTT did not differ between hemispheres, wordness and groups in the bilateral condition (Fig. 3) .
In the behavioural data, a clear RVFA for words, that is, left-hemispheric superiority for this task was found. The RVFA in both groups supports previous findings which found normal language lateralization in schizophrenia patients [13, 14] . The analysis of the N1-latency showed a significant Visual Field £ Hemisphere interaction, indicating shorter N1-latencies in the initially stimulated contralateral hemisphere and longer latencies in the ipsilateral hemisphere which received the input later in time. A delayed activation of the ipsilateral hemisphere points to the transfer of information via the corpus callosum originating from the initially activated contralateral hemisphere [3, 9, 15] . In addition, we found a group particularly over the RH indicated by the Group £ Hemisphere interaction, with patients exhibiting significantly shorter N1-latencies over the RH than controls. The longer N1-latencies over the RH in controls may result from a directional asymmetry of hemispheric transmission, with faster transmission from the RH to the LH during word processing, which is less attenuated in patients. This hypothesis is supported by the Group £ Visual Field interaction of IHTT, which found increased IHTT after LVF stimulation in schizophrenia patients compared to controls. The Wordness £ Visual Field interaction of IHTT demonstrated, that after LVF stimulation, IHTT was only reduced for words, but not for pseudowords. For controls, a significant difference between words and pseudowords in IHTT was found. It turned out that only words caused a directional asymmetry but transmission time of pseudowords did not differ between the two visual fields [3, 9, 15] . In patients no such difference could be found. This result supports the findings from Novicka et al. [15] in which IHTT from RH to LH was increased for words. According to these authors, only for words a LH dominance exists and therefore a faster transmission from the RH to the LH would be expected. In our study, the directional asymmetry in controls was congruent with the visual field advantage: words elicited a larger RVFA and shorter IHTT from RH to LH whereas pseudowords (no LH dominance) elicited a smaller RVFA and no IHTT difference between the two visual field conditions. For schizophrenia patients, interhemispheric transmission in both directions took the same time for words and pseudowords. After LVF stimulation, shorter N1-latencies over RH was found in patients. Although the ipsilateral N1 amplitudes seemed to be reduced in patients, statistical analyses did not confirm this effect. There are basically two possible explanations for the present findings. The reduced directional asymmetry of IHTT for words in patients could be caused by the reduced ability of the RH to differentiate between words and pseudowords or by the difficulty to detect meaningful material. This less efficient pseudoword processing by the RH, which may be time consuming, may prevent a fast transmission of words to the LH via the corpus callosum. The second explanation of the data could be that there is a deficit of the corpus callosum in schizophrenia patients which leads to less efficient and longer information transfer between the two hemispheres. Behavioural results from our earlier studies [13, 14] support the view of impaired interhemispheric transmission and rather speak against the interpretation of a right hemispheric deficit in processing verbal material.
However, more research is needed to find an adequate explanation for the observed alterations of IHTT from the RH to the LH in schizophrenia patients. In particular, it is still unclear whether the transmission deficit is only related to language stimuli or if it also occurs for non-verbal stimuli for which a RH specialization can be assumed.
